ABSTRACT. The ICP-MS technique was used to determine elemental composition (Pb, Sr, Cd, Ni, Co, Cu, Ni, Hg, As, Cr and Mn) of wines (Muscat Ottonel, Fetească Albă, Fetească Regală, Fetească Neagră, Merlot and Cabernet Sauvignon) Viticulture and Enology Targu Bujor, Galați Country Romania. b Babeş-Bolyai University, Faculty of Chemistry and Chemical Engineering, 11 Arany Janos Street, Romania. c University of Agricultural Sciences and Veterinary Medicine, Department of Horticulture and Landscaping, [3] [4] [5] Romania. d Institute of Advanced Horticultural Research of Transylvania, [3] [4] [5] Romania. * Corresponding author: boraflorindumitru@gmail.com A. DONICI, E. GAL, C. CIMPOIU, C. I. BUNEA, F. D. BORA 114 Dealu Bujorului vineyard falls within the limits set by the law. The content of potentially toxic elements such as Cd, Pb, U, Hg, As, Cu, Ni, Cr and Mn are lower than values found in literature, highlighting the safety and quality of the analysed Romanian wines.
INTRODUCTION
The origin and authenticity of food products are topics of great interest in the food industry, not only for consumers but also for producers and distributors. Additionally, the use of geographical designations allows producers to obtain market recognition and often a premium price [1] . Wine is a product widely consumed around the world and has been extensively investigated because of frauds, including adulteration, false declaration of geographical origin and false age declaration. The huge diversity of production areas poses a challenge in establishing the provenance of wine as their grape variety, soil and climate conditions, history, yeast, oenological practices, storage and transport [2, 3] . To take marketing advantage of the recent large improvements in wine quality in several "New World" wine regions, many local producers have changed to declare the specific region of origin rather than just naming the grape variety [4] . The denomination origin controlled (DOC) system are applied in many countries to control and ultimately guarantee the quality, origin and also to prevent de fraud. Chemical characterization is one of the requirements to obtain DOC certification of wines. Nowadays, there is a wide range of combined techniques to identify wine authenticity [5] .
The inorganic chemical pattern of a wine is a reflection of the local geochemistry of the soil, climate and winemaking process. The elemental composition is mainly influenced by the bioavailability of inorganic compounds of the soil and the demands of the vine [6] . The initial concentration of elements can be modified during the winemaking process by the addition of bentonite or similar compounds, used to clarify the wine or by coprecipitation present in the must [7] . Not all elements are metabolized or modified during the winemaking process [8] . In wine from three southern Italian wine-producing regions were identified Li and Rb as elements facilitating a successful classification [9] wine from Spain were able to discriminate from two different Valencia by using Li and Mg content. However, factors such as environmental pollution, agricultural practices, climatic changes and winemaking process may change the multi-element composition of wines. Nevertheless, significant correlations were obtained between the elemental composition of vineyard soil and wine [10] .
The presence of lead in wine is associated with two major sources as follows: natural sources, which are due to the weathering of rocks, and human activity, which results from the use of fertilizers, pesticides and agricultural and food additives and environmental pollution [11] .
The goal of this study is to determine the elemental composition (Cd, Pb, U, Hg, As, Sr, Co, Cu, Ni, Ce and Mn) of wine from Bujoru, Smulti and Oancea wine-growing centers from Dealu Bujorului vineyardand to assess their ability to discriminate between geographical origin of wines. The wines from Smulti and Oancea wine-growing centers have not been analyzed yet regarding concentration of the elemental composition.
RESULTS AND DISCUSSION
Heavy metals content in wine samples from Bujoru, Smulti and Oancea Wine Center Table 1 and 2 summarize the total contents of Cd, U, Hg, As, Co, Cu, Ni, Cr and Mn in wine samples. Generally, the heavy metals are found in wine due to their presence in grapes, from where they are extracted during maceration [12] . These elements are found in grapes as a result of their accumulation in the plant from the soil, or they could be absorbed from the agents used in protecting the vine from diseases. In the course of the maceration, extracted elements are absorbed in the cell membrane of yeast, and in a while, their declines as a consequence of precipitation in conjunction with the yeast cell. The contact of wine with equipment, the addition of fining agents or the changing of filters during post fermentation processes could increase the content of some elements [12] .
The mean contents of Cd, U and Hg were 0.13±0.02 µg/L, 0.24±0.03 µg/L and 0.20±0.03 µg/L. The highest concentrations of Cd and U were recorded in the wines obtained in 2016 from Smulti wine-growing center, namely Feteasca Neagra (0.22±0.04 µg Cd/L and 0.41±0.06 µg U/L and Merlot (0.21±0.02 µg Cd/L and 0.45±0.05 µg U/L), while the highest concentrations of Hg were recorded in wines obtained from Bujoru winegrowing center (Feteasca Alba -0.43±0.05 µg Hg/L) in both years 2015 and 2016. The average data shows that the highest concentration of Cd was obtained to red wines (0.17 µg/L) compared to white wines white (0.11 µg/L), the highest concentration of U was obtained to red wines (0.25 µg/L) compared to white wines white (0.24 µg/L) while the highest concentration of Hg was obtained to white wines (0.24 µg/L), compared to white wines white (0.20 µg/L). The results agree with some studies [12] 0.25 µg/L (Cd), 0.11 µg/L (U), [13] 0.14 µg/L (Cd), but compared with other result [14] , the concentration of Cd was significantly higher than ours 10.60 µg/L (Cd). Regarding Hg concentration the results agree with those made in Romania [15] for Sauvignon Blanc 0.56 µg/L, Feteasca Alba 0.22 µg/L and Riesling 0.16 µg/L. [24] Average value ± standard deviation (n = 3). Romans letters represent the significance of the variety difference (p ≤ 0.05). Greeks letters represent the significance of the same variety cultivated in other year's difference (p ≤ 0.05). The difference between any two values, followed by at least one common letter, is insignificant. M.L.A. ]. The average data shows that a higher concentration of As was obtained in white wines (12. 45 µg/L) as compared to red wines (11.42 µg/L), while the higher concentration of Co was recorded for red wines (5.58 µg/L) as compared to white wines (5.09 µg/L) ( Table 1) . The results are comparable with those obtained in Serbia [13] 16.1 µg/L (As) for red wines and 9.46 (As) µg/L for white wines, in Macedonia [14] 11.7 µg/L (As) by using the same microvinification technology, in Romania [15] Table 2) (Table 2) . 
Combining multielement analysis from wine samples for discrimination analysis
Multivariate chemometric method was used as a supervised learning technique for the differentiation of wines intro groups on the basis of grape variety and year of production and finding markers which showed a significant discrimination value (variables with Wilk's lambda near zero, p value <0.05 and higher F coefficients). Stepwise linear discriminant analysis (LDA) was used to identify significant tracers for classification to the geographical discrimination of the wines samples. Stepwise Discriminant Analysis (LDA) was used to designate suitable variables for classification of the samples, eliminating the variables that do not contribute to discrimination of the wine.
In order to validate the proposed statistic model, based on variables which showed higher significance in first LDA assessment, we performed a second Liniar Discriminant Analysis (LDA) for the test set consisting of wines used to build statistical model (training set) together with data from other wine samples that are not included in the first LDA (control-set). Cross-validation was applied to determine the optimal number of variables required to obtain robust models. In this study, the content of certain wines shows high concentration of metals, but not exceeding the maximum recommended by International Organisation of Vine and Wine [25] , and this mostly due to agricultural practices, fertilizers and technological winemaking processes.
Elements like Pb, Cu, Ni, Cd, U and Hg showed a high discriminatory power for geographic origin of Romanian wines, but additional new elements (Mn, Cr) have been investigate in order to identify new tracers for geographical traceability of Romanian wines. The wines obtained in the three wine-growing centers can be geographical fingerprints based on the concentration of Pb, Cu, Ni, Cd, Hg, Mn, Cr, U.
The cross-validation technique provided a 100 % percentage of predicted membership according to the origin of the wine (F1 = 75.45 % and F2 = 25.55 %). The linear correction revealed acceptable scores for the two defined discriminant factors (F1 and F2) (Figure 1) . A significant differentiation of wines according to wine-growing centers and year of wine production was carried out for wines samples, which demonstrates the importance of elemental profile for the geographical traceability of wines (Figure 2 ). Heat map was used to discover sample groups, discover groups and also to discover related sample/feature groups. In case of elemental contents from wine, the dendrogram (horizontal dendrogram) clearly show two cluster, first cluster is formed from the Co, Cd, U, Hg, Mn, Cu, As and second cluster was formed from Ni an Cr. Based on this distribution it can be seen that the Cr recorded the highest concentration followed by Ni. The vertical dendrogram show also two cluster, the first M Smu. 2015, C S. Buj. 
EXPERIMENTAL SECTION

Study area
A total of 162 wine samples were analysed (3 white wines and 3 red wines). Samples originated from Bujoru, Smulti and Oancea wine-growing centers part of Dealu Bujorului vineyard (45°52′10″ N, 27°55′8″E). The Dealu Bujorului vineyard is characterized by an alternate landscape, from flat to hilly areas, with altitude between 100 and 225 m and the predominant soil is levigated chernozem having a clayey sand texture with pH between values 7.4 and 8.1. Although they have moisture deficit, natural conditions (ecoclimatic and ecopedological) offer viable ecosystem for the development of vineyard. The vineyard is crossed by the parallel 46° latitude north, intersected by the 28° longitude meridian. Dealu Bujorului vineyard belongs to Galați country. The specificity of the transition area is highlighted by the predominance of deposits of clays and sands. Versants were made from clay deposits and sandy sands.
Sample collection and microvinification process
The samples used in this experiment were obtained from the wines produced from Muscat Ottonel, Feteasca Alba, Feteasca Regala, Feteasca Neagra, Merlot and Cabernet Sauvignon under the conditions of 2015, 2016 and 2017. The wine samples resulted from micro-wine production. Micro-wine production was done according to the methodology describe by Bora et al. [26] . All wines were providing by the wineries as finished wines in 750 mL bottles with cork stoppers and were stored at 3-4°C before analysis. All vines were planted since 1979, and the vine plantation was organized with 2.2 x 1 m distance between rows and plants. Vines were pruned according to the Guyot system and were grown on speliers.
Reagents and solutions
Ten elements (Cd, Pb, U, Hg, As, Sr, Co, Cu, Ni, Cr and Mn) were determined in order to assess their ability to discriminate wines by geographical origin. The analysis was made using multielement analysis and ICP-MS technique, after an appropriate dilution, using external standard calibration method. The calibration was performed using XXICertiPUR multielement standard, and from individual standard solution of Cr and Hg. The working standards and the control sample were prepared daily from the intermediate standards that were prepared from the stock solution. The intermediate solutions stored in polyethylene bottles and glassware was cleaned by soaking in 10% v/v HNO 3 for 24 hours and rinsing at least ten times with ultrapure water (18.2 MΩ cm -1 ultrapure water-Types 1). The accuracy of the methods was evaluated by replicate analyses of fortified samples (10 µL-10 mL concentrations) and the obtained values ranged between 0.8-13.1 percent, depending on the element. The global recovery for each element was estimated and the obtained values were between 84.6-100.9% [27] .
For quality control purpose, blanks and triplicates samples (n = 3) were analyzed during the procedure. The variation coefficient was under 5% and detection limits (ppb) were determined by the calibration curve method. Limit of detection (LoD) and Limit of quantification (LoQ) limits were calculated according to the next mathematical formulas: LoD = 3SD/s and LoQ = 10 SD/s (SD = estimation of the standard deviation of the regression line; s = slope of the calibration curve) ( Table 3) . Sample preparation for determination of heavy metals and isotopic ration from wine using ICP-MS.
For the determination of elements from wine samples were used an amount of 0.5 mL wine and diluted to 8 mL (7 mL HNO 3 65%+1 mL H 2 O 2 ) the obtained solutions were placed in a clean Teflon digestion vessel, after 15-30 minutes the mineralization was performed using a microwave system Milestone START D Microwave Digestion System set in three steps: step I (time 10 min., temperature 200ºC), step II (time 15 min., temperature 200ºC) and step III (time 40 min., ventilation -temperature 32ºC). After mineralization, samples were filtered through a 0.45 mm filter and brought to a volume of 50 mL with HNO 3 1%.
In order to confirm the best-chosen conditions for wine digestion standard additions for checking accuracy of the microwave digestion and recoveries were calculated ( Table 4 ). The digestion seemed visually completed in all of the combinations, but the spiked recoveries showed significant differences for total elements content (p -Value = 0.005). 
Instrumentation
The determination of metals was performed on mass spectrometer with inductively coupled plasma, (ICP-MS) iCAP Q Thermo scientific model, based polyatomic species before they reach the quadrupole mass spectrometer, using a PFA micro flow concentric nebulizer. The argon used was of 99.99% purity (Messer, Austria). The instrument was daily optimized to give maximum sensitivity for M + ions and the double ionization and oxides monitored by the means of the rations between Ba 2+ /Ba + and Ce 2+ /CeO + , respectively, these always being less than 2%. The experimental conditions were: argon flow on nebulizer (0.82 L/min.), auxiliary gas flow 0.80 L/min., argon flow in plasma 15 L/min., lens voltage 7.30 V; RF power in plasma 1100 W, spray chamber temperature (2.42±1.00 o C). Accuracy was calculated for the elements taken into consideration (0.5-5.0%).
Statistical analysis
The statistical interpretation of the results was performed using the Duncan test, SPSS Version 24 (SPSS Inc., Chicago, IL., USA). The statistical processing of the results was primarily performed in order to calculate the following statistical parameters: average and standard deviation. This data was interpreted with the analysis of variance (ANOVA) and the average separation was performed with the DUNCAN test at p ≤ 0.05. Multivariate chemometric method was used as a supervised learning technique for the differentiation of wines intro groups on the basis of grape variety and year of production and finding markers which showed a significant discrimination value (variables with Wilk's lambda near zero, p value <0.05 and higher F coefficients). Stepwise linear discriminant analysis (LDA) was used to identify significant tracers for classification to the geographical discrimination of the wines samples. Stepwise Discriminant Analysis (LDA) was used to designate suitable variables for classification of the samples, eliminating the variables that do not contribute to discrimination of the wine. In order to validate the proposed statistic model, based on variables which showed higher significance in first LDA assessment, we performed a second Liniar Discriminant Analysis (LDA) for the test set consisting of wines used to build statistical model (training set) together with data from other wine samples that are not included in the first LDA (control-set). Cross-validation was applied to determine the optimal number of variables required to obtain robust models. Linear discriminant analysis (LDA) was performed using Microsoft Excel 2016 and XLSTAT Addinsoft version 15.5.03.3707.
